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Background: Carotid revascularization is frequently complicated by hemodynamic depression
(HD), which can increase the risk of stroke or vascular death. However, no studies yet exist
describing the correlation between the timing of carotid revascularization and HD. The
present study investigated whether carotid revascularization in the early phase of a stroke
had an impact on the incidence of HD.

Methods: A retrospective study of consecutive ischemic stroke patients who underwent
carotid revascularization was designed to compare the incidence of HD between early and
late carotid revascularization. Early carotid revascularization was defined as carotid artery
stenting or endarterectomy within two weeks of stroke onset. HD was defined as hypotension
or bradycardia within five days of carotid revascularization.

Results: Of 69 carotid revascularizations, HD occurred in 29 (42.0%). The incidence of
HD did not differ significantly between the early and late phase groups (48.0% vs. 38.6%,
respectively, P=0.449). Patients with HD had undergone more carotid artery stenting than
those without HD (79.3% vs. 35%, respectively, P<0.001). Age, sex, hypertension, diabetes,
heart disease, antihypertensive medication, and severity of carotid stenosis did not differ
between patients with and without HD.

Conclusion: The present research suggests that early carotid revascularization is as safe as
late carotid revascularization with regard to HD.
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INTRODUCTION

Carotid revascularization is commonly performed in
stroke patients with carotid artery stenosis in order to pre-
vent the recurrence of ischemic stroke."* Hemodynamic
depression (HD) is a common complication that follows
carotid revascularization. Although a meta-analysis dem-
onstrated that the incidence of clinical events was not as-
sociated with HD,? HD has caused clinical events, such as

stroke, myocardial infarction, and mortality."” Moreover,
HD is a generally challenging event for clinicians to prevent
brain as well as systemic hypoperfusion.

According to the treatment guidelines for carotid ste-
nosis, an early carotid endarterectomy (CEA) is recom-
mended within two weeks of stroke onset for patients who
experienced a stable stroke in order to prevent early stroke
recurrence.® On the other hand, it is known that the early
phase of strokes is hemodynamically unstable. This lack of
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stability leads to the speculation that patients undergo-
ing early carotid revascularization are vulnerable to HD.
However, there is no available data on the incidence of HD
in accordance with the timing of carotid revascularization.
The present study aimed to investigate the incidence of HD
between early and late carotid revascularization in patients
with symptomatic carotid stenosis.

METHODS

Study design and patients

In the current single-center, retrospective study, we
evaluated the medical records of consecutive patients who
underwent carotid revascularization between January
2011 and December 2014. The inclusion criteria were as
follows: (1) patients who were 19 years or older in age and
(2) patients who underwent CEA or carotid artery stenting
(CAS) due to more than 50% stenosis in the carotid bulb or
proximal internal carotid artery. Exclusion criteria were as
follows: (1) patients who had asymptomatic carotid steno-
sis, (2) patients who received simultaneous carotid revascu-
larization with acute endovascular thrombectomy, and (3)
patients without reqular vital sign records during and after
carotid revascularization. Patients who underwent carotid
revascularization within and after two weeks following the
onset of stroke were assigned to the early and late carotid
revascularization groups, respectively. The institutional re-
view board of our medical institution approved the present
research. Informed consent was waived due to the retro-
spective nature of the study.

Clinical and imaging evaluations

We evaluated the baseline characteristics of all patients,
including age, sex, timing of carotid revascularization from
stroke onset, past history of hypertension, diabetes, hy-
perlipidemia, heart failure, coronary artery disease, use of
anti-hypertensive agents and statin, the degree of carotid
artery stenosis, high level carotid stenosis, and opposite ca-
rotid occlusion. Hyperlipidemia was defined as a past his-
tory of hyperlipidemia, total cholesterol of 200 mg/dL or
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greater, or low-density lipoprotein cholesterol of 130 mg/
dL or greater on the serum biochemistry. Heart failure was
defined as a past history of heart failure or an ejection frac-
tion of less than 30% on a transthoracic echocardiography
in patients presenting with symptoms that were sugges-
tive of heart failure during the initial evaluation for acute
cerebral infarction. Coronary artery disease was defined
as a history of coronary artery disease or newly detected
coronary artery disease at the time of the diagnosis of ce-
rebral infarction. Two neurologists who were blinded to
patient information independently measured the degree of
carotid artery stenosis, high level carotid stenosis, and op-
posite carotid occlusion. They were evaluated via magnetic
resonance angiography or computed tomography angiog-
raphy. The degree of carotid artery stenosis was measured
according to the North American Symptomatic Carotid
Endarterectomy Trial method. When the two neurologists
disagreed, a third investigator (neuroradiologist) was con-
sulted to facilitate a consensus.

Procedures protocol

CEA was performed under general anesthesia by a single
cardiovascular and thoracic surgeon. After an incision was
made in the neck, the carotid artery was exposed and sub-
sequently clamped to prevent embolization. A transcranial
Doppler was applied over the ipsilateral middle cerebral
artery, and an intraluminal shunt was employed when the
Doppler flow was less than 40% of the baseline flow. A
longitudinal arteriotomy was performed, and the carotid
plaque was freed with a spatula and forceps. After me-
ticulous inspection, irrigation, and bleeding control of the
endarterectomized surface to remove any residual plaques
or debris, the arteriotomy was closed with a bovine pericar-
dial patch and 6-0 prolene. Just before completion of the
arterial closure, the carotid clamps were briefly released
sequentially and re-clamped to back-bleed and forward-
flush the vessel, which was then irrigated and suctioned for
any residual debris. If there were no other complications
or infections following the procedure, the corresponding
patients were discharged after receiving a single dose of
clopidogrel.
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CAS was performed by a single neuroradiologist with a
consistent technique, as described in previous articles.” In
brief, aspirin (100 mg/day) and clopidogrel (75 mg/day)
were administered for one week prior to the procedure, and
a bolus of heparin (100 U/kg) was administered intrave-
nously during the procedure. Through femoral access, a 6-F
sheath (Shuttle SL Flexor®™; Cook, Bloomington, IN, USA)
was advanced into the common carotid artery. A FilterWire
(Boston Scientific, Natick, MA, USA) or EmboShield® (Abbott
Vascular Devices, Redwood City, CA, USA) was inserted for
cerebral protection. A balloon angioplasty was performed
with a 4-6-mm Aviator™ balloon (Cordis, Miami Lakes,
FL, USA) before stent placement. Self-expanding Cordis
Precise®™ Carotid Nitinol Stents (Miami Lakes, FL, USA) were
deployed. Postdilation was performed at the discretion of
the operator. Atropine was administered immediately be-
fore the balloon angioplasty with bradycardia of less than
50 times/minute during the procedure. Aspirin and clopi-
dogrel were maintained for at least one month after the
procedure.

All patients underwent either CEA or CAS based upon our
judgment. Vascular status, presence of contralateral carotid
artery steno-occlusion, concurrent diseases, and severity
and progress status of stroke symptoms were considered.

Hemodynamic depression

HD was defined as a systolic blood pressure of less than
90 mmHg or pulse rate of less than 50 times/minute that
occurred at least once within the five days during and
following carotid revascularization. HD was classified as
either intra-procedural, post-procedural, or HD requir-
ing treatment. HD requiring treatment was defined as a
HD required for administration of an intravenous medi-
cation to normalize blood pressure or pulse rate. Blood
pressure and pulse rate were evaluated in the operating,
recovery, and procedure rooms, as well as in the ward.
The anesthesiologist monitored blood pressure and pulse
rates in 15-minute intervals during CEA. We dismissed
the transient decreases in blood pressure or pulse rate due
to the general anesthesia that was induced during CEA. A
vascular intervention nurse monitored blood pressure and
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pulse rates in 15-minute intervals during the CAS proce-
dure. Blood pressure and pulse rates were monitored in
1-minute intervals during direct manipulation of the ca-
rotid artery. Moreover, blood pressure and pulse rates were
post-procedurally monitored in 10-minute intervals for 30
minutes in the recovery room, in 1-hour intervals for over
two days in the intensive care or stroke unit, and in 8-hour
intervals for the following three days in the ward. Patients
with a systolic blood pressure of less than 90 mmHg for
30 minutes received intravenous norepinephrine or dopa-
mine, and administration of an anti-hypertensive agent
was discontinued until the HD was corrected.

Statistical analysis

The baseline clinical and imaging characteristics of pa-
tients and incidence of HD were compared between the
early and late carotid revascularization groups. Chi-square
tests and Fisher’s exact tests were used to compare all
categorical variables between the two groups. In addi-
tion, t-tests were used to compare the age and mean time
from stroke onset to carotid revascularization between
the groups. Risk factor candidates for HD, including early
carotid revascularization, were analyzed according to the
presence of HD. Moreover, the incidence of HD, intra-
procedural HD, post-procedural HD, and HD requiring
treatment after early carotid revascularization, CEA, and
CAS were compared between the early and late procedure
groups. Statistical analyses were performed using SPSS for
Windows version 18.0 (SPSS Inc., Chicago, IL, USA). A P of
less than 0.05 was considered statistically significant.

RESULTS

Ninety-six carotid revascularizations were performed in
93 patients between January 2011 and December 2014,
Among 96 carotid revascularizations, 2 were excluded
because of the following: (1) 23 had asymptomatic carotid
stenosis and (2) 4 received carotid revascularization and
acute endovascular thrombectomy simultaneously. Vital
signs for all patients were recorded during and after carotid
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Table 1. Characteristics of patients and hemodynamic depression according to the timing of carotid revascularization

CR within 2 weeks CR after 2 weeks

All (n=69) (n=25, 36.2%) (n=44, 63.8%) Palue
Age (years) 70.7£8.4 72.0+£8.2 70.0+8.4 0.337
Male 51 (73.9) 21 (84.0) 30 (68.2) 0.253
Hypertension 49 (71.0) 19 (76.0) 0 (68.2) 0.491
Diabetes mellitus 1(30.4) 5(20.0) 6 (36.4) 0.156
Hyperlipidemia 9 (27.5) 5(20.0) 4 (31.8) 0.291
Heart failure 5(7.2) 1(4.0) 4(9.7) 0.646
Coronary artery disease 0(14.5) 3(12.0) 7 (15.9) 0.737
Carotid stenosis >70% 6 (95.7) 24 (96.0) 42 (95.5) 1.000
High level carotid stenosis 1(15.9) 5(20.0) 6 (13.6) 0.51
Opposite carotid occlusion 2 (2.9 0 (0.0) 2 (4.5) 0.531
Carotid artery stenting 37 (53.6) 17 (68.0) 20 (45.5) 0.071
Time from onset to CR (day) 28.1+26.4 10.0+3.0 38.3+28.3 <0.001
Hemodynamic depression 29 (42.0) 12 (48.0) 17 (38.6) 0.449

CR, carotid revascularization.

Values are presented as meanzstandard deviation or number (%); categorical data are provided as frequencies (%).

revascularization.

Of the 69 enrolled carotid revascularizations, 25 (36.2%)
underwent early carotid revascularization and the mean time
from stroke onset to carotid revascularization was 10 days.
Twenty-nine patients (42.0%) presented with HD. The in-
cidence of HD did not differ significantly between the early
and late carotid revascularization groups (48% vs. 38.6%,
P=0.449) (Table 1). Patients with HD had undergone more CAS
than those without HD (79.3% vs. 35%, P<0.001). Age,
sex, hypertension, diabetes, heart disease, antihypertensive
medication, severity of carotid stenosis, high level carotid
stenosis, and opposite carotid occlusion did not differ be-
tween the patients with and without HD (Table 2). After
HD was further subdivided into intra-procedural HD, post-
procedural HD, and HD requiring treatment, early carotid
revascularization still did not significantly differ between
patients with and without each type of HD. When early
carotid revascularization was divided into early CEA and
CAS, both early CEA and CAS were not associated with HD,
intra-procedural HD, post-procedural HD, or HD requiring
treatment (Table 3). Post-stent ballooning was performed
in 3 patients (6.8%) in the early CAS group and 3 patients
(12.0%) in the late CAS group. The incidences of HD by
post-stent ballooning in each group were 2 (66.7%) in the
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early CAS group and 3 (100%) in the late CAS group.

DISCUSSION

The present study investigated whether early carotid
revascularization increases HD compared to late carotid
revascularization. This study demonstrated that no sig-
nificant difference in the incidence of HD between early
and late carotid revascularization exists, which indicates
that early carotid revascularization does not increase HD
compared to late carotid revascularization. There may be a
possible explanation for this finding. Acute hypertensive re-
sponse, which is reported in 52% of stroke patients at the
early stroke stage, may play a role.® The acute hypertensive
response typically decreases gradually after symptom on-
set, with a systolic blood pressure decrease of 10 mmHg
during 24 hours and a decrease of 20 mmHg during the
first 10 days.™'® Therefore, HD may be more compensated
for by an acute hypertensive response within 2 weeks rath-
er than after 2 weeks of a stroke. The mechanisms of acute
hypertensive response are different from that of HD after
carotid revascularization. Acute hypertensive responses can
be caused by a Cushing response to the mass effect of brain
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Table 2. Characteristics of patients according to hemodynamic depression

HD (+) (n=29, 42.0%) HD (-) (n=40, 58.0%) Pvalue
Age, years 71.7£9.0 70.0+£7.9 0.407
Male 22 (75.9) 29 (72.5) 0.754
Hypertension 20 (69.0) 29 (72.5) 0.749
Diabetes mellitus 8 (27.6) 13 (32.5) 0.661
Hyperlipidemia 11 (37. 9) 8 (20.0) 0.100
Heart failure 2 (6.9 3(7.5) 1.000
Coronary artery disease 2 (6. ) 8(20.0) 0.174
Anti-hypertensive agents 10 (34.5) 17 (42.5) 0.501
ACE inhibitor/ARB 8 (27.6) 13 (32.5) 0.661
Beta blocker 3(10.3) 6 (15.0) 0.724
Calcium channel blocker 5(17.2) 8(20.0) 0.772
Diuretics 2 (6.9) 2 (5.0) 1.000
Alpha blocker 2 (6.9) 6 (15.0) 0.453
Statin 24 (82.8) 32 (80.0) 0.772
High intensity statin 20 (69.0) 25 (62.5) 0.578
Carotid stenosis >70% 29 (100.0) 37 (92.5) 0.258
High level carotid stenosis 0 (0.0) 2 (5.0) 0.506
Opposite carotid occlusion 5(17.2) 6 (15.0) 0.802
Carotid artery stenting 23(79.3) 14 (35.0) <0.001
Early CR 12 (41.4) 13 (32.5) 0.449

HD, hemodynamic depression; ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; CR, carotid revascularization.

Values are presented as meanzstandard deviation or number (%); categorical data are given as frequencies (%).

Table 3. HD, intra-procedural HD, post-procedural HD, and HD requiring treatment after early carotid revascularizations compared to

those after late procedures

HD Intra-HD Post-HD HD-RT
Early CR 0.449 0.414 0.714 0.532
Early CEA 0.148 0.148 1.000 0.148
Early CAS 0.286 0.431 1.000 0.272

HD, hemodynamic depression; Intra-HD, intra-procedural HD; Post-HD, post-procedural HD; HD-RT, HD requiring treatment; CR, carotid
revascularization; CEA, carotid endarterectomy; CAS, carotid artery stenting.

Values are presented as P value compared to late procedures.

edema,'" the shifting of the cerebral autoregulation to a
higher level,® neuroendocrine responses with activation of
the sympathetic nervous system and the renin-angiotensin
axis,'® and the lesion of prefrontal and insular cortices
leading to disruption of normal autonomic control; hence,
an exaggerated sympathetic response results.'”'* On the
other hand, the manipulation of the carotid bulb increases
afferent signals transmitted through Hering’s nerve to the
glossopharyngeal nerve and nucleus tractus solitaries in
the medulla. Secondary efferent signals inhibit the activity
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of the vasoconstrictor center in the medulla and modify
the vagal parasympathetic center, which decrease both sys-
temic vascular resistance and cardiac output that results in
the lowering of arterial pressure.”” "

In the current study, the following did not affect HD: old
age, a past history of heart failure, coronary artery disease,
severe stenosis of the carotid artery, high level carotid ste-
nosis, and opposite carotid occlusion. To date, risk factors
of HD include old age, heart failure, previous myocardial

infarction, absence of chronic obstructive pulmonary dis-
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eases, severe stenosis of the carotid artery involving the
carotid bulb, long plaque length, severe calcified plaque,
ulceration of the plague, a higher balloon dilatation pres-
sure on the CAS, and the presence of stenosis on the con-
tralateral side. However, these proposed risk factors are
still controversial *>*

There was great variability in the incidence rate of HD
following CEA and CAS, which ranged from 12-40% and
5-76%, respectively. It is generally known that the inci-
dence of HD is higher in CAS compared to CEA***? Similar
to previous studies, our results demonstrated that 42% of
carotid revascularizations presented with HD. Patients who
underwent CAS had a higher incidence of HD than those
who received CEA.

Several limitations of this study should be noted. First,
the present study occurred in only one center and was ret-
rospective in nature. Second, a small number of patients
were enrolled. Third, we failed to evaluate the site and
length of the stenosis, the presence of calcification, the
morphology of the plaque, the presence of stenosis on the
contralateral side, and the ballooning pressure on the CAS.
Fourth, we had no access to data regarding preoperative
cardiology evaluation,”® HD duration, and clinical events.
Fifth, intravenous medication for HD requiring treatment
was not administered using identical criteria. Lastly, al-
though qguidelines recommend early carotid revasculariza-
tion, late carotid revascularization was more common in
this study. The reason may be due to delayed referral from
the primary care physician or early neurological deteriora-
tion in the acute stroke phase.

CONCLUSION

HD can be a challenging event for clinicians to prevent
brain hypoperfusion. The present study suggests that early
carotid revascularization is as safe as late carotid revas-
cularization with regard to HD. Further large-scale, pro-
spective studies are therefore warranted to determine the
correlation between the timing of carotid revascularization
and the incidence of HD and clinical events, which is essen-
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tial for improving CEA and CAS protocols and outcomes.
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